We present a study of the correlation between the direction of the symmetry axis of the circumstellar material around intermediate mass young stellar objects and that of the interstellar magnetic field. We use CCD polarimetric data on 100 Herbig Ae/Be stars. A large number of them shows intrinsic polarization, which indicates that their circumstellar envelopes are not spherical. The interstellar magnetic field direction is estimated from the polarization of field stars. There is an alignment between the position angle of the Herbig Ae/Be star polarization and that of the field stars for the most polarized objects. This may be an evidence that the ambient interstellar magnetic field plays a role in shaping the circumstellar material around young stars of intermediate mass and/or in defining their angular momentum axis.
Introduction
The role of the magnetic field in the star formation processes is a longstanding problem in astrophysics. The magnetic field is proposed to act in the support of molecular clouds against the gravitational force by some authors (e.g., Mouschovias & Ciolek 1999) . A different view is that these clouds are not stable and exist as ephemeral structures. In this case, the turbulence drives the interstellar medium large scale structure (e.g., McKee & Ostriker 2007) . It is possible to address this issue by the search of evidences about the importance of interstellar magnetic field in the star forming process. From an observational point of view, many works have searched for a correlation between the direction of the interstellar magnetic field and the geometry of young stellar objects (YSOs) traced by disk axis, outflow direction, or observed polarization. We cite two of them. Tamura & Sato (1989) have found a correlation between the interstellar magnetic field direction and the infrared polarization angle in a sample of 47 YSOs in Taurus-Auriga molecular cloud. This sample is dominated by T Tauri stars. Recently, Ménard & Duchêne (2004) have studied 37 T Tauri stars in the same region and found no correlation between the local magnetic field and the geometry of the YSOs.
Herbig Ae/Be objects (HAeBe) are pre-main sequence stars, analogue to T Tauri stars, but of intermediate mass. Lists of HAeBe stars can be found in the compilation of Thé et al. (1994) and in The Pico dos Dias Survey (PDS), a search for T Tauri stars based on IRAS colors (Gregorio-Hetem et al. 1992; Torres et al. 1995) . In spite of the focus on low mass YSOs, PDS has also found around a hundred of HAeBe candidates (Vieira et al. 2003; Torres 1999) . In this work, we revisited the issue of alignment of the interstellar magnetic field with the YSO geometry using a large sample of HAeBe objects. The study of the polarization in the context of the circumstellar material properties will be done elsewhere (Sartori M. et al., in preparation) . In Section 2, we describe the acquisition and reduction of the polarimetric data and the technique to calculate the interstellar and intrinsic stellar polarization. The results and discussion are presented in Section 3. In the last section, we summarize our findings.
Observations
We obtained polarimetric data on 102 fields containing probable HAeBe stars selected from Thé et al. (1994) , Torres (1999), and Vieira et al. (2003) . The observations were done with the 0.60-m Boller & Chivens telescope at the Observatório do Pico dos Dias, Brazil, operated by the Laboratório Nacional de Astrofísica, Brazil, from 1998 to 2002. We used a CCD camera modified by the polarimetric module described in Magalhães et al. (1996) . The used detector is a SITe back-illuminated CCD, 1024 × 1024 pixels. This combination of telescope and instrumentation results in a field-of-view of 10.
′ 5 × 10. ′ 5 (1 pixel = 0. ′′ 62). The data were taken using a V filter. We have collected eight images of each field. Table  1 lists the observation date and the integration time (for one image) for each field. The -3 -reduction followed the standard steps of differential photometry using the IRAF facility 2 and the package pccdpack (Pereyra 2000; Pereyra & Magalhães 2002) . Polarized standard stars were observed to convert the instrumental position angle to the equatorial reference frame. Unpolarized standard star measurements were consistent with zero within the errors and hence no corrections for instrumental polarization were applied to the data. Measurements using a Glan filter, which provide the efficiency of the instrument, indicate that no correction is needed considering the instrumental precision. The observed polarization data are presented in Table 1 . It contains the 102 program stars plus 2 confirmed post-AGB that contaminate the PDS sample and are not included in the analysis.
The observed polarization of a YSO is usually composed by two components: an intrinsic polarization plus an interstellar polarization component. The intrinsic component is produced by the scattering of the central source emission off the circumstellar material. In the path from the object to the observer, the interstellar medium introduces a foreground polarization. These two polarizations are combined vectorially to produce the observed polarization. Hence, to obtain the intrinsic polarization one must estimate the foreground value to be subtracted from the observed polarization.
The striking majority of stars in the sky is either intrinsically unpolarized or has small, uncorrelated intrinsic polarization. The stellar field is hence dominated by objects presenting only the interstellar component. For our purposes we may then estimate the foreground polarization towards the object of interest by a weighted average of the polarization of the field stars with a good signal-to-noise ratio (P > 3σ P ). The average was done from the Stokes parameters Q and U. The number of objects in each of our fields vary from 3 to more than 1000. Such a high number of field objects having angular distances to the HAeBe smaller than 5 ′ gives us confidence that this technique to estimate the interstellar component is reliable. It is also probably statistically better than the estimates in previous works in which the foreground objects are located angularly farther from the YSO and in smaller numbers due to the use of photomultiplier as the detector.
The foreground and intrinsic polarizations, as well as the number of field objects used in the estimate of the interstellar polarization, are shown in Table 1 . The polarization of each foreground star for each field will be available as a Vizier catalog as well as the polarization vectors superposed on an optical image. Two objects, HD 23302 and HD 23480, are too bright and there is no other object in the image with sufficient signal-to-noise to enable an estimate to the foreground polarization. These two objects are not included in the following analysis. Our final sample analysis is therefore composed by 100 objects.
Results and discussion
The interstellar polarization is caused by aligned aspherical grains that produce the dichroism of the interstellar medium. The alignment mechanism is not yet completely understood. The classical mechanism is based on paramagnetic dissipation by rotating grains with superparamagnetic inclusions (Davis & Greenstein 1951; Jones & Spitzer 1967) . However, this mechanism may be not efficient enough. Recently, a promising mechanism based on radiative torques has been proposed (Lazarian & Hoang 2007) . In both cases, however, the direction of the magnetic field projected in the plane of the sky can be traced by the position angle of the optical interstellar polarization. A recent review on grain alignment can be found at Lazarian (2007) .
The intrinsic polarization position angle is related to the axis of symmetry of the HAeBe envelope. It depends on many factors but we can say in a simple way that in optically thin envelope the polarization is parallel to symmetry axis, and in optically thick case it is perpendicular. A proper understanding of this issue is obtained by the modelling of the scattering of the central source light in the YSO circumstellar material (e.g., Brown & McLean 1977; Bastien & Menard 1990; Whitney & Hartmann 1993) .
Is the geometry of HAeBe stars in our sample related to the direction of the interstellar magnetic field? We try to answer such a question by checking whether the position angles of the intrinsic polarization and the surrounding interstellar polarization are correlated. For this purpose, we define ∆θ as the difference between the intrinsic and foreground polarization directions. ∆θ runs from 0 to 90
• .
Figure 1 (solid line) shows the cumulative histogram of ∆θ for the 100 objects of our sample. The dotted straight line represents the behavior of an uniform distribution. To compare quantitatively both distributions, we used the Kuiper statistic (e.g., Paltani 2004) . It is a modification of the Kolmogorov-Smirnov test and is appropriate for cyclic quantities such as ∆θ. Figure 1 shows that the sample as a whole is obviously not uniform. Indeed, the resulting Kuiper statistic has a probability of only 1.3%, so the hypothesis that our observed distribution is uniform can be discarded. In addition, as the observed curve stays below that of the uniform distribution, it means that ∆θ concentrates around 90
An inspection of the data shows that this behavior is caused by objects with small values of observed polarization. In this case, the intrinsic polarization has the same modulus as the foreground polarization but is perpendicular to it; this causes the concentration of ∆θ near 90
• . This probably arises as a result of two factors. The HAeBe object may be nearer to us than most of the field stars. In that case, the foreground polarization must be negligible and the observed polarization should have not been corrected by a foreground component. In addition, if the real intrinsic polarization is undetected given the errors, our estimate of the intrinsic polarization is wrong: it simply reflects the foreground polarization rotated by 90
• . We may add that a situation in which the interstellar polarization would be perpendicular and have the same modulus of the intrinsic component is less likely. As a result of this discussion, the concentration of ∆θ around 90
• may carry an observational bias.
To circumvent such problems, we also built the cumulative histogram considering only objects having the observed polarization larger than 3% (Figure 1 , dot-dashed line): these are 19 in number. These objects are less affected by the foreground correction, since they must have a larger contribution from the intrinsic polarization to the observed value. In addition, the polarization in all these cases has a high signal-to-noise ratio and hence a well determined interstellar component. In this sample, the Kuiper statistic for ∆θ has a probability smaller than 2%. Using (the 27) objects with polarization larger than 2% ( Figure  1 , dashed line), the statistic has this same probability. We also note that, as shown in Figure  1 , these two samples now present ∆θ clustered around zero.
Star forming regions are dense portions of the ISM. Consequently they usually present high values of interstellar extinction and polarization. Because of that, we have also checked whether the above results might be biased by cases in which the observed polarization is dominated by the interstellar component. Figure 1 (short dash -long dash line) shows the cumulative distribution considering the objects with the observed polarization larger than 3% and the intrinsic polarization larger than 2% (16 objects), a sub-sample that excludes cases where the interstellar component is the predominant one. This constraint does not modify significantly the histogram and the resulting Kuiper statistic has a probability smaller than 12%.
We concluded that the observed distribution of ∆θ for the sub-sample of objects presenting high signal-to-noise measurements and reliable values of intrinsic polarization is non uniform with a clear excess of objects with ∆θ around zero. This result suggests that the polarization of HAeBe stars has a tendency to be aligned with the ambient interstellar magnetic field. It can be interpreted as an indication that the magnetic field of the material that collapsed to form the star can play a role in defining the YSO geometry and/or the symmetry axis of the envelope.
Our findings contrast with the work of Ménard & Duchêne (2004) which does not show an alignment between the YSO axis and the interstellar magnetic field using a sample of T Tauri stars. However, previous works, using samples of less evolved objects, indicate an alignment (Kobayashi et al. 1978; Dyck & Lonsdale 1979; Heckert & Zeilik 1981; Hodapp 1984; Cohen et al. 1984; Strom & Strom 1987) . A possible solution for this discrepancy is that the alignment may be more easily traced in the less evolved, low mass YSO. This occurs because, during its slow pre-main sequence evolution, an object can move away from its birth place or present a rotation of its axis direction. From a point of view of the YSO mass, HAeBe stars evolve faster than T Tauri stars, which could make the observation of the alignment more probable in the higher mass group. We note that in our sample objects with P greater than 3% also have larger mid-infrared excess (Sartori et al., in preparation), putting these objects in an early evolutionary stage.
Some observational arguments have been recently put forward in favor of a fossil origin of the magnetic fields in Ap/Bp stars (e.g., Wade et al. 2009 ). This hypothesis assumes that the interstellar magnetic field present in the cloud that originates the star is amplified along the star evolution and is present in the main sequence stage. This is another piece of evidence that the formed (proto)stellar object can have a memory of the interstellar magnetic field of the parent cloud and its direction, as indicated by our results.
Conclusions
We present the results of optical CCD polarimetry of a sample of 102 fields containing HAeBe stars. The direction of the intrinsic polarization of the YSO, and hence their envelope axis, shows a correlation with interstellar magnetic field direction for the sample as a whole. This result may be an observational bias, as discussed in the text. Sub-samples of the more polarized objects present a statistically significant tendency to have the YSO polarization aligned with the interstellar magnetic field. This indicates that the geometry of HAeBe objects retained a memory of the interstellar magnetic field.
We acknowledge the use of the NASA's Astrophysics Data System Service and the SIM-BAD database, operated at CDS, Strasbourg, France. This work was partially supported by This is an author-created, un-copyedited version of an article accepted for publication in The Astrophysical Journal. IOP Publishing Ltd is not responsible for any errors or omissions in this version of the manuscript or any version derived from it. 3 The images of the field containing HD23302 and HD23480 do not include objects with signal high enough to estimate the foreground polarization.
4 B band magnitude.
5 PDS465 and PDS581 are post-AGB objects.
